We have adopted the Harris functional approximation in a standard framework of augmentedplane-wave (APW), density-functional calculations. Our implementation of the Harris approximation is based on a charge density from a self-consistent APW band-structure calculation for one lattice constant. This charge density is then frozen for calculation of the electronic structure and total energy at other lattice constants and for other crystal structures. The advantage of this approach over standard implementations of the Harris approximation is that our scheme computes the correct band structure as well as the correct total energy. We have applied this scheme to a wide variety of materials, ranging from transition metals to binary and ternary compounds. 
We have adopted the Harris functional approximation in a standard framework of augmentedplane-wave (APW), density-functional calculations. Our implementation of the Harris approximation is based on a charge density from a self-consistent APW band-structure calculation for one lattice constant. This charge density is then frozen for calculation of the electronic structure and total energy at other lattice constants and for other crystal structures. The advantage of this approach over standard implementations of the Harris approximation is that our scheme computes the correct band structure as well as the correct total energy. We have applied this scheme to a wide variety of materials, ranging from transition metals to binary and ternary compounds. We present several examples and use these examples to motivate discussions of the scheme. Using this method, we have calculated total energies, equilibrium lattice constants, and bulk moduli which are in very good agreement with self-consistent results.
I. INTKODU CTION
EfForts to shortcut the computational complexity of self-consistency cycles in density-functional calculations began early in the development of electronic structure methods. In the 1960s the eKciency of the augmented- In the spirit of the Harris functional method, we have developed the procedure outlined in the following steps.
(1) For a given system we perform, by the APW method, a fully self-consistent calculation for one volume only.
(2) We use the self-consistent electron charge density resulting from the above calculation and solve Poisson's equation to generate Kohn-Sham local-density potentials at other volumes or for other structures.
(3) Using the potentials of step 2, we calculate the sum of the eigenvalues by the APW method without iterating.
(4) We compute the total energy of the system using the suins of eigenvalues &om step 3, and for the other terms in Eq. (1) the self-consistent charge density of step 1 and the potentials of step 2. We require the self-consistent charge density, p, at sufficient number of points in the numerical radial mesh to accommodate the largest volume desired for the set of total-energy calculations. In practice, we have found We demonstrate the essential advantage of the SSC scheme over the usual implementation of the Harris functional scheme by plotting the energy bands of Cu in the fcc structure. In this case, we have performed a SC calculation for lattice constant 6.85 a.u. ; the resulting charge density is frozen for the SSC calculation. and (b) Pt(fcc). Errors in the sum of eigenvalues (S -S') term cencel errors in the remaining terms (I' F') leading to a verysmall error in the total energy (R -E'). Fig. 4(a) and (b) two curves as functions of the lattice constant representing the simple error in the SSC total-enegy terms. These two curves are the difI'erences between the sum of eigenvalues term from the SC and SSC schemes (labeled S -S' in the figure) and differences of remaiiung terms from the two methods (labeled I" -I'"' in the figure) for Cu and Pt in the fcc structure.
The difFerences indicate a cancellation of errors from the sum of the eigenvalues term and the other terms leading to an overall good agreement in the total energy. The error in the SSC total energy is shown as the solid curve in Fig. 4(a) and (b) However, the energy shift will be the same for the sum of eigenvalues term and the remaining terms; thus, the cancellation of error in these terms is still valid. As an example of the capabilities of the SSC method to calculate correctly quantities of interest in compounds, we have calculated the total energy and bulk modulus for FeC and VC in the NaCl structure. We have performed these calculations according to three methods: (1) SSC, (2) SC, and (3) the Harris functional approximation. For FeC, we perform the SSC calculations using the charge density from the SC calculation at a = 8.0 a.u. For VC, we use the SC charge density, obtained at a = 7.9 a.u. , in the SSC calculations. In both cases, the self-consistent calculations were performed for the compound, not for the components of the compound separately. As in the case of the transition metals, we find much better agreement between the energy bands of the SSC calculation and SC calculation than between the Harris functional calculation and the SC calculation. In this case, we have plotted the occupied bandwidth for both materials from the three calculational schemes. Table II for VC and FeC. The error in the equilibrium lattice constants versus the SC results is less than 2.5%%uo and the error in the bulk moduli is less than 17%%uc. It is clear from Table II that despite doing poorly in the band structure, the Harris functional method does get the lattice constant and bulk modulus correct and, in these two cases, is slightly better than the SSC method. Fig. 7(a) for A14CusFe and for AliicusFe2 in »g 7(b).
Self-consistent band structures and density of states (DOS) have been reported for these two stoichiometries, these results may be compared to the SSC resuits presented in this paper. For A14CuaFe, the DOS and energy bands are shown in Figs. 8(a) and 8(b), respectively. Figure 8(a) shows the total DOS (top panel), as calculated in the SSC method. The curves correspond to the lattice constant 11.10 a.u. , the lattice constant nearest to the theoretically determined equilibrium. The lower panels of Fig. 8(a) show the angular momentum, site decomposed DOS useful for identifying the origin of the peaks in the total DOS. In Fig. 8(b) Fig. 9(a) , the total DOS of states and several angular momentum, site decomposed DOS are plotted in the same manner as Fig. 8(a) . Finally, Fig. 9(b The quantity w' indicates the reduction in computational time enabled by the elimination of the input and output of wave functions. For the 16-atom supercell, SC calculations require 7 = 4800s per iteration, now T" is 120 workstation hours. The SSC calculations are performed in 7' = 4000s for each of the additional volumes and a total time T", 25 hs. In other words, properties that require about one week to be calculated self-consistently are being calculated in the span of a single day. We have approximated the time for a SC calculation of a 32-atom supercell to be on the order of three months, while the SSC calculation would require about three weeks. The usual implementation of the Harris functional approximation utilizes overlapping atomic charge densities. This implementation works well for obtaining equilibrium volumes and bulk moduli, but fails in the description of the energy bands or density of states. We proposed a method that freezes the charge density at its self-consistent value for one volume and carry out calculations in the spirit of the Harris functional approximation for other volumes and in difI'erent structures. We call this approach the SSC scheme and we have shown that it works as well as the usual implementation of the Harris method for the total energy, but it gives, in addition, the band structure very accurately. This SSC method is particularly advantageous for calculations of very large systems, where the fully self-consistent procedure is not practical. We wish to thank M. J. Mehl 
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